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ABSTRACT Accident of icing induced line break occurred for the electric power transmissionline con- 
necting Yucheng to Pugein the winter of 2011. Based on the observation and measured data, a broken 
section of the LGJ-630/45-type power line of stranded aluminum wires with steel core exhibited 12 bro- 
ken aluminum wires with typical brittle fracture characteristics, but the rest wires were ductile fractured. 
On the basis of the theory of statics and dynamics of catenary beam element mode and large deflection 
bending beam element mode, the line breaking was analyzed by using ANSYS finite element method. Re- 
sults show that the brittle fracture of 12 broken wires may be caused by fatigue, then the effective section 
of power line decreases, which further caused the rest wires to be broken due to overload. Icing and fluc- 
tuating wind lead the stress of the operating power line to be increased from 55.4 MPa to 97.9 MPa, 
which is the main cause to the line breaking. The power line resonate induced by the fluctuating wind, 
thus the mean stress of asymmetric fatigue increases, , and the fatigue life of the line significant decreas- 
es. Corresponding to all the above considerations, the realstress of the operating line increases from 
97.9 MPa to 275.2 MPa and thereby the ductile fracture occurs due to that the real stress exceeded the 
failure stress of 221 MPa of the operating line. 

KEY WORDS materials failure and protection, lead break, brittle fracture, ductile fracture, asymmetric 
fatigue, fatigue life 


1 z£—[n]2x 28 ZK rz Se M yx, RIA BU U.HE EE. RA. 500kV 

500 kV H X [pl RETF Vg e H dox, 1E F ot FARAH 94.195 km, Hz T 2011 4£5 H9 H; A 
ene i 

2015467 H 13 BEIBI; 2015/9 H 17 EENET. H — RE K 94.073 km, BET 2010 4 12 H 1 H- 

AMBAA HE M 2011 4E 12 H 9 H, SEI vk AA el, H IE pe 

DOI: 10.11901/1005.3093.2015.403 500 kV XX [a] 2G ee ACE (8) ES Mr Zo SRL. SEX BE 


-D 


a 


202303.10713v1 


chinaXiv 


CUN 
IUD 


ChinaXiv& (ERAT 


150 M RB A 


500 kV H 3£ —. —2£ 614#~ 664 X Bt, Hh ie FE 
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Fig.2 Section photograph of power line 
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Table 1 Characteristic parameters of power line 


Parameters Value 
Type LGJ-630/45 
Him 2700 
Lim 280 
Dim 0.0338 
mikg-km' 2079.2 
E/MPa 69000 
a/'C^ 11.8x10° 
Operating stress/MPa 55.2 
Failure stress/MPa 221 
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Fig.1 Fracture photograph of tension resistance section and suspension points 
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TRH, As Aaa A AALS c J TA ER; BAA £T 
3 HE AB, HL 200900 N/mm’; E, 7348 2R [f] 9E HE A BL, 
HX 60300 N/mm’; a HERRIK, HL 26x 10° °C; 
as NAM 2X AY ZR HK 28 230, HM 11.Sx10°°C |". p JEE 
ARATE LK, o AB ae SERM 5 LGJ-630/45, # TAI LL g= 
0.07. PEACE SLE AL EN 69000 MPa, 2X 
EIk Z8 Bla 11.8x10* "C^. 

Ak OC Be I K 8 BUE A BS ik A p de ul t i 
idl ANSYS iE TES Zn dua BEAR or ER 
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zz E fF e SE BS Re EU. Jy 
s fia] UL (ij 45, [EL DR a HA RE EU WU TE BR EE, 
link180 8t 76 f 6r d 3 ZE HK SE i 7] Tf AI Bez K ES 
ARBRES. PALE SFA link180 JE 70 UL EG eR R, 
AH [EUERURE t vr HI Por Se ST BEC 0.2 m, TE D EIT. A 
SG TD A RARU TF: SE BEF 
KFZ DADA 55.2 MPa, 5 E A 4) pr RC 
rp Scu (8 T8 5; JEG ENS e Ub S ZR SK 7] 55.4 MPa {Ik 
T 3EHC6ÍR 61.3 MPa. nf WfEIESS L6 P, TRAF 
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IW, Mi Beam189 "4.70 fi 957 K 56 25 4p, WE FAR PEK 
FE FURUSEZE PEA NEST DU. AAPA LUKAS 
Bi E 5 di AC MY Se ZR UK 7) B ae MA, AR Sc OK JH 
Beam189 5f 7G 38 ih i vr. Ce £X BiU, JE 4) Sl WET O— 
60 mm ^P [d] E B£ Rf rn zs BUE TR UK FB 8$ dT, H 
25 rtt JN 7J EE aS 38€ Ur VEI RU] A5: 2 ol, S He A TI IZ 73, 3 
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Fig.3 The changing curve of operating stresses with ice 
thickness 
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Fig.4 The changing curve of operating stresses with wind 
speed 
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Fig.5 The changing curve of operating stresses with ice 


thickness and wind speed 
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Fig.6 The inherent frequency and mode shape of power 


line: (a) the first-order modal; (b) the second-order 
modal 
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Fig.7 Fluctuating wind speed time series and the power spectral density (PSD) curve of fluctuating wind 
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Table 2 Statistics of operating stress and cycle time 


Operating stress Cycle times Limit cycle times Operating Cycle times Limit cycle times 
/MPa /time /10°time stress/MPa /time /10°time 
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86 44 106 96 96 1.11 
88 36 12 98 36 1.08 
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